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Abstract 
At present, the monitoring for chemical oxygen demand (COD) is mostly based on the chemical methods. Those 
instruments are not only with various chemical reagents exhausted, but also long time consumed, the operation 
procedure and the modification are much professional. This paper reported a novel COD monitoring system using 
UV-VIS spectrometry. It consists of pulsed xenon lamp, concave holographic grating and the spectral scanning 
structure, which can obtain any spectral information of water sample in the range of 200-720nm, corresponding to the 
COD concentration from 30 to 1000mg/L through calculating the  UV absorbance. With the sample flow cell opened, 
the instrument can be directly thrown into target water area, without pipeline and control system needed. By using 
wireless data communications, the system can work continuously at time interval about five minutes. Above all, this 
instrument is capable of real-time and online monitoring COD and its variations for the surface water such as lakes, 
rivers and wastewaters. 
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Introduction 
Chemical Oxygen Demand (COD) is the amount of the strong oxidant which is consumed where 1L water 
is treated under certain conditions, and the results converted into oxygen content in units of mg/L. It reflects 
the extent of the water pollution by reducing substances [1]. According to national technical regulation of 
water quality test in China, COD is one of the most important indicators of the water quality at present. 
Environmental report in 2009 pointed out that the pollution of the national surface water is still severe. 
Although the COD emission is in a declining since 2005, the gross emission in 2009 is still 12,775,000 tons. 
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Therefore the research, which is about the COD detection technology on new principles and technology, is 
still hot in the field of the modern water quality monitoring.  
At present, most of the water COD detectors are based on the method or its improvement method 
according to GB 11914-89. The all through measurement process needs underlying heating digestion and 
titration with lots of chemical regents exhausted, they are must result in the external secondary pollution, 
moreover, this method is complicated to operate, time-consuming, poor stability [2]. In recent years, a great 
deal researches were carried out about improved COD detection technology using UV absorption, which is 
a purely physical optical measurement method with no chemical reagents, no secondary pollution and high 
speed. It can be used to monitor water continuously in real time and online, showing the dynamics of the 
organic matter in the water in long term of monitoring. 
As a comprehensive index of organic pollution, UV absorbance has been used for many years. In Japan it 
has had assigned the UV254 values as the indicators of water quality monitoring in 1978. Europe also took 
it as the monitoring indicator expressing the removal effect of the organic matter in the water plants [3]. 
Many literature data indicate that UV absorbance of water had a certain correlation with COD, TOC, DOC 
and color [4]. The absorbance of water at 254nm is usually used to establish a standard linear relationship 
with COD. For a single and relatively stable component of water, this method looks like a more accurate 
measurement [5]. But it does not apply to the water with a variety of different types or existing greater 
change in compositions. Some researchers used multi-wavelength absorbance values to establish the 
relationship between UV254 and COD values at the help of stoichiometry, and achieved some results [6].  
This paper reports a novel COD measurement system based on UV-Visible spectrometry. The system 
can measure COD, color, turbidity and other parameters at the same time, and then get more real-time 
changes in the state of water quality. The whole measuring system is immersed in water directly, single 
measurement can be completed in 1 minute, and the system can meet the real-time online technical 
requirements of the water quality monitoring in situ.  
The Principle of Measurement 
Most organic compounds have absorption characteristics in the ultraviolet region [7]. There is no 
absorption in the 220-400nm for the saturated aliphatic hydrocarbons and alicyclic hydrocarbons or their 
derivatives, such as alcohols, ethers, carboxylic acids, glucose, L-glutamate, acetic acid, etc. there is 
absorption in the UV band for those compounds which have conjugated system such as conjugated double 
bonds, benzene rings, carbonyl or conjugated carbonyl, like benzene, pyridine, phenol, aniline and humic 
acid. Particularly, the benzene and pyridine can’t be determined by the traditional chemical method of COD. 
Therefore, using UV absorption to measure COD, although it can’t detect all of the organic matters, is a 
relatively objective and comprehensive method for detecting the concentration of organic matter in water 
with the virtue of no interference of chloride ions happening in chemical method, and can detect the 
benzene, pyridine and so on which the chemical method does not test.  
Lambert-beer law is the degree of the light absorption when a bunch of parallel monochromatic light 
through the uniform and non-scattering dilute solution, the optical transmission is shown in fig.1. The 
Lambert-beer law is expressed by the formula: 
0
KCLI I e                                                                                                                                         (1) 
Where, K is the absorption coefficient; C is the concentration of the objective substance; L is the optical 
path, here it is the length of the cuvette. 
I0 I
L
2350   Zhao Youquan et al. /  Procedia Environmental Sciences  10 ( 2011 )  2348 – 2353 
Fig.1 the Schematic diagram of the changes of light through the solution 
For a particular sample slot, the length L is constant. And for a given optical wavelength the absorption 
coefficient K is essentially the same. Thus, at a certain wavelength, there is a linear relationship between the 
absorbance of the measured solution and the concentration of the solution. The Lambert-Beer law also has 
the additive properties, that is, the absorption of the solution is equal to the sum of ones of the various 
components at a certain wavelength. 
Most industrial waste water contains many organic compounds. Municipal wastewater treatment plants 
take the activated sludge to treat the sewage, the proportion of the compounds increase, they are normally 
have complex structure with benzene ring in the drainage, such as humic acid, brown acid, lignin, tannic 
acid, etc. these substances have a relatively stable absorption band in the ultraviolet region. Therefore, this 
enables the COD measurement more objective and feasible by the UV-Vis spectroscopy on the basis of the 
absorption properties of the organic matters and the Lambert-Beer law. 
Detection System 
The block diagram of the UV water quality monitoring equipment this paper developed is shown in Fig.2. It 
is composed by four modules: the optical system, opening flow cell, optical receiving/conversion system 
and control system, and operated software. 
The optical system consists of pulsed xenon light source, concave grating monochromator, mirrors and 
slits. The pulsed xenon lamp issues ultra violet light, which passes through the monochromator unit using 
dispersive concave grating driven by the stepper motor. The monochromatic light generated and went 
through the opening flow cell when arrive at the surface of detector, the optical signal is then be converted 
into electrical signal and with the help of AD converter, a digital value corresponding to the optical 
absorbance was transferred to a host of PC by the wireless data transmission for real-time display, storage 
and processing. 
The pulsed xenon lamps have the instantaneous light intensity with virtue of broad spectral range, high 
energy, and no need to preheat, providing a reliable and practical light source for the rapid detection. The 
light which split after the grating dispersion is divided into two beams by a semi-permeable semi-reflective 
mirror. One beam of the light shot from the exit slit and then enters into the open flow cell to determinate 
the absorption of the organic matters in water. The other, as a reference beam of light, without passing 
through the flow cell, is used to correct the fluctuation in light source. The whole process fulfils the splitting, 
detection and baseline correction synchronously. 
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Fig.2 the block diagram of the instrument                     Fig.3 the flow chart of the control system 
This instrument is controlled by the PC monitoring software. The PC monitoring software can 
communicate with the host controller, drive the stepper motor rotation and flash the xenon timer. The 
system can measure common indicators of water quickly through keyboard shortcuts, scan spectrum follow 
any specified starting and ending wavelength, and lock the specified the absorption peak of the specified 
wavelengths. The RS485 interface of the online monitoring instruments can transmit the data detected to 
the higher authorities in time and remote. Fig. 3 is the control system flowchart. 
Experimental Studies 
According to National Standard GB11914-89, with potassium dichromate as oxidant, the COD value is 
1.176 gram of oxygen when one gram of potassium hydrogen phthalate is oxidized completely. So when 
the concentrations of the potassium hydrogen phthalate prepared were 8, 40, 80, 120, 160, 200mg/L, 
the COD values of those are: 9.41, 47.04, 94.08, 141.12, 188.16, 235.20 mg/L. We acquired the absorption 
spectrum of the potassium hydrogen phthalate solution, showing in Fig.4, the absorption   phenomenon of 
the potassium hydrogen phthalate solution is very clear in the UV area, with two peaks at 
230nm and 281nm obviously. 
Fig.5 was the fitting curve between the absorbance of potassium hydrogen phthalate measured at 254nm 
and their corresponding COD values. The fitting curve was expressed as COD=170.10*A254-5.30ˈR2
could be above 0.99. It is point-to-point mapping relation between each other. Thus we can get COD value 
of the water by measuring its absorbance at 254nm. 
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Fig.5 the fitting curve of potassium hydrogen 
phthalate solution 
A real water sample taken from a certain river, whose absorption spectrum was shown in Fig.6, it can be 
seen from the figure, that the water sample has a strong UV absorption, with a absorption peak around 
216nm. 
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Fig.6 the absorption spectrum of the water                       Fig.7 the fitting curve of the water 
We measured the COD value of the water sample using optical absorbance, while test it under the way 
recommended in GB 11914-89 (Dichromate method to determination the chemical oxygen demand of the 
water quality) to get the standard COD value of the sample, and then we measured its permanganate index 
with the method provided in GB 11892-89 (Water quality Determination of permanganate index).  
In order to eliminate the impact of turbidity, we used absorbance of the 546nm to compensate. After all 
of these works we got the fitting curve, shown in Fig.7, between the river water sample absorbance and its 
COD values. The formulation for COD and A254-A546 fitting curve figured out as: COD = 219.30 * 
(A254-A546) -2.94, R² is above 0.99, and for permanganate index and A254-A546 it figure out as: COD = 
24.40 * (A254-A546) -0.33, R² is in 0.995. The two curves have a good linear relationship, therefore 
according to this relationship the COD of the water can be measured more accurately through the 
absorbance. 
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Conclusions 
This paper reports a water COD detector based on UV absorption spectroscopy. The detector, whose 
spectral measurement ranges form 200 to 720nm, uses an open flow cell design, can work directly in the 
water. The detector with wireless transmission can operate without staff on duty at the scene. By setting the 
measurement time interval and the parameters of the software, the system can automatically complete the 
COD measurement and data transmission, storage and analysis. In this paper, the relevant test shows that 
the monitoring equipment is simple, no chemicals, no secondary pollution, and short time cost, can be 
widely used in water quality online detection. 
Acknowledgements 
we are thankful for the supporting by the Tianjin maniple granting˄10ZKFSH02200˅ of science and 
technology.
*Zhao Youquan is the correspondence author. 
References 
[1] Xi D L, Sun Y Sh, Liu X Y: Environmental Monitoring. Higher Education Press, pp. 220-235, 
(1995) 
[2] Azedine Charef, Antoine Ghauch, Patrick Baussand, Michel Martin-Bouyer: Water quality 
monitoring using a smart sensing system. Measurement, Vol. 28, pp, 219–224, (2000) 
[3] Zhou N, Luo B, Liao J, Dan D ZH: Development of Determination of Chemical Oxygen Demand
˄COD˅ by UV Absorption Spectrum. Sichuan Environment, Vol. 25(1), 84-87, (2006) 
[4] Sun J Y, Wang X P, Mi Y G: Design for on-line COD measuring instrument based on UV 
absorptive principle. Optical Measurements, Vol. 28(2), 76-79, (2006) 
[5] Wang X P, Lin Zh, Jin X: UV scanning technique for water COD measurement and its instrument 
development. Journal of Zhejiang University(Engineering Science˅, Vol. 40(11), 1951-1954, (2006) 
[6] Yin W, Sun Z G, Chen G: UV absorbance and automatic on-line monitoring instrumen. Life 
Science Instruments, Vol. 3(4), 52-56, (2005) 
[7] Yamamoto Katuhiro: Trial of an organic composition examination in natural water by UV spectra.
Kagaku to Kyoiku, Vol. 47(5), 338-341, (1999) 
